To model spatial changes of chromatin mark peaks over time we developed and applied ChromTime, a 
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Genome-wide mapping of histone modifications (HMs) and related chromatin marks using chromatin 28 immunoprecipitation coupled with high-throughput sequencing (ChIP-seq) and DNA accessibility through 29 assays for DNase I hypersensitivity [1] reprogramming [24] [25] [26] [27] , embryogenesis [28] and many others [7, [29] [30] [31] [32] [33] [34] [35] [36] [37] . The output of these experiments 43 presents a unique opportunity to study the spatio-temporal changes of epigenetic peaks and associated 44 regulatory elements. However, almost all computational methods designed or applied to epigenomic data 
65
enhancers or stretch enhancers in a number of cell types [48, 49] . Also, the length of H3K4me3 peaks has 66 been associated with transcriptional elongation and consistency of cell identity genes [50] . In the context 
73
Computational methods that do not explicitly reason about the spatial changes of chromatin marks have 74 significant limitations for studying the dynamics of these properties because they are unable to detect 75 territorial changes that might be associated with redistribution of signal or identify asymmetric directional 76 peak boundary movements.
78
In this work, we present ChromTime, a novel computational method for detection of expanding, 79 contracting and steady peaks, which can detect patterns of changes in the genomic territory occupied by 80 chromatin mark peaks from time course sequencing data (Fig 1A) Fig 1B) . ChromTime takes as input a set of genomic coordinates 98 of aligned sequencing reads from foreground and, optionally, control experiments over the time course.
99
The foreground experiments are data from a chromatin sequencing assay such as ChIP-seq, ATAC-seq 100 or DNase-seq performed at a series of time points. The method consists of two stages -block finding and 101 dynamics prediction. During the block finding stage, ChromTime determines continuous genomic regions 102 (blocks) that may contain peaks of foreground signal enrichment during the time course (Fig S1A-B) . To (Fig 2, S2, (Fig S3) . We then applied the method to data from pooled replicates for the 144 H3K4me2 mark from the mouse T cell development study [17] , to data for the H3K4me3 and H3K27ac 145 marks from a study on stem cell reprogramming in human [24] , to ATAC-seq data from a mouse stem cell 146 reprogramming time course [27] and to a human fetal brain development time course that we constructed 147 from DNase-seq datasets from Roadmap Epigenomics [7] . To investigate the biological relevance of
148
ChromTime predictions, for blocks overlapping TSSs we examined changes in the corresponding gene 149 expression. Peaks with predicted expanding and contracting boundaries that overlap annotated TSSs 150 associated with increase and decrease, respectively, in gene expression (Fig 3, S4) [24] . In most cases, ranking boundary changes of peaks in blocks with at least one non-zero length (Fig 4, S5A) . These results also held when using peaks from two different peak callers, 175 MACS2 [38] and SICER[40] applied on data from individual time points (Fig S5B-C) . 
185
We associated the signal density changes with gene expression changes at the nearest TSS within 50kb 186 of each block and computed the average gene expression change as a function of the signal density 187 change within blocks (Fig 5) . We found that locations with the same signal density change can associate (Fig S6A-B) . Therefore, ChromTime predictions can provide (Fig 7) . Consistent with our hypothesis, for H3K4me3, H3K4me2, 231 H3K(9/14)ac, H3K79me2, and for Pol2, we found that unidirectional expansions that expand into the gene experiments. ChromTime consists of two stages (Fig 1B-C peaks of signal enrichment at any time point in the time course (Fig S1A-B) The foreground and the expected signal within the blocks are used as input to build a probabilistic mixture 387 model for the boundary dynamics of the peaks within blocks (Fig S1C) . T1   T2   T3   T4   T5   T1   T2   T3   T4   T5   T1   T2   T3   T4   T5   T1   T2   T3   T4   T5 upstream GPR141 SKAP1/Gm11529 upstream Zfp148 
